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minute. 
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Model Studies 
For Hydraulic Design 


During the last decade, the Bureau of Reclama- 
tion, of the Department of the Interior, has entered 
into an extensive program of reclaiming arid land by 
irrigation in the western States. Flood control and 
power development have been included in this pro- 
gram so that all benefits derived from the reclaiming 
of arid land may be maintained. 

The Bureau of Reclamation’s engineers have had 
to design hydraulic structures wherein the nature of 
the sites and the particular problems involved have 
been so varied that each structure brought about new 
problems and design features. Model studies were 
used in collaboration with the design to give an ex- 
cellent indication of the performance of the flow 
throughout the structure. 

For the past four years, the Hydraulic Laboratory 
of the Bureau of Reclamation, Denver, Colorado, has 
built models of nearly all its hydraulic structures 
constructed in the West. These models are built 
accurately to scale and are tested with the most un- 
favorable flow conditions, which may be the maximum 
flood discharge, maximum available head, unsym- 


‘metrical gate openings, and similar conditions. 


Use or Mopets 

The model studies that were made of the Mor- 
mon Flat Spillway and of the Unity spillway will be 
discussed to illustrate how models can demonstrate un- 
favorable flow conditions, and lead to a satisfactory 
final design of the structure. Model studies have also 
been made in Denver on such projects as Grand Cou- 
lee, Boulder Dam, Imperial Valley, and the All-Amer- 
ican Canal. 

The Salt River, flowing across the central part of 
Arizona, has been used for irrigation and power since 
1905 when the first storage reservoir was formed by 
the construction of Roosevelt Dam. Since that time 
four other reservoirs have been formed by the con- 
struction of Horse Mesa, Mormon Flat, Stewart Moun- 
tain, and Granite Reef Dams, by the Salt River Water 
User’s Association. 


H. G. Dewey Jr. ’35 C.E. 


Junior Engineer, U.S. Bureau of Reclamation 


The principal engineering features of these pro- 
jects include the dam, reservoir, powerhouse, and an 
auxiliary spillway. Of these, the spillways are of great- 
est concern to the laboratory. The spillways were de- 
signed to by-pass the peak flow and thus to prevent 
the reservoir from rising above a certain desired eleva- 
tion. 

After these structures had been in operation and 
observations had been made of the flow conditions, 
it became apparent that further investigation would 
have to be made into the hydraulics of the spillways. 
Since model studies were not available at the time 
these structures were built, it was decitled when the 
investigation into the flow conditions was put in 
charge of the Bureau of Reclamation that model stu- 
dies would be made of the existing structures. 


INVESTIGATION OF Mormon Fiat Dam 


The primary reason for the Mormon Flat investi- 
gation was the suspected inadequacy of the spillway. 
This was clearly demonstrated in the 1:90 scale model 
that was built of the existing dam and auxiliary spill- 
way. The discharge for which the spillway was dis- 
signed was 150,000 second-feet, but the model dis- 
closed that the maximum flood that could be by-pass- 
ed for correct pond elevation was 82,000 second-feet. 
Figure 1 shows the designed discharge of 150,000 sec- 
ond-feet flowing in the model. It can be seen that this 
flow overtopped the dam and flooded the powerhouse. 
The flow through the gates was very unbalanced. 

This spillway consisted of nine tainter gates seat- 
ed on an ogee crest. The floor of the upstream ap- 
proach to the gates varied from 10 to 40 feet below the 
crest. Since the flow through the gates piled up on the 
downstream face of the piers, it became apparent that 
the piers or gates were not correctly aligned with the 
direction of flow. This is clearly illustrated in Figure 
1. It was found that by rotating the piers so that their 
faces were more nearly parallel with the direction of 
flow much of this condition was eliminated and the 
discharge through the gates was increased. A lower- 
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Fig. 1. Original Structure. Discharge 150,000 Cubic Feet per Second. 


ing of the floor of the upstream approach to the gates 
also increased the discharge. 
New Desicn 

These preliminary studies led to the design of an 
echelon spillway with nine tainter gates seated on an 
ogee crest as in the existing structure, but with the 
piers correctly aligned and with the floor of the up- 
stream approach placed at the optimum elevation. The 
ogee section was carried farther down the canyon wall 
to prevent erosion and a bucket or apron was.built at 
the end of the ogee to direct the flow into the river. 

To test this revised design another model was built 
on the same scale, (1:90; see Fig. 2). The flow condi- 
tions were quite satisfactory with this revised design in 
all but the first two gates downstream from the dam. 
The flow through these gates still piled against the 
_ downstream face of the piers, to such an extent that 
-the maximum discharge available with the desired 
pond elevation was only 145,000 second-feet. 

To overcome this unfavorable condition a special 
study was made of the flow through these gates. A 
curved vertical training wall was constructed pro- 
jecting eight feet into the reservoir just upstream from 
the first gate. Although the unbalanced flow condi- 
tion could not be entirely eliminated the discharge 
was increased to 150,000 second-feet. Unfortunately, 


however, the drawdown, drop in water surface, occur- 
ring at the curved vertical wall was so great that any 
redesign of this wall would be quite impractical. 


Further investigation was made to determine the 
optimum depth of approach channel. After such an 
elevation had been determined, a gain in discharge 
resulting, it was agreed that any increase in channel 
depth would necessitate excessive excavation which 
offset any advantage obtained in increased discharge. 
Although widening the approach channel was con- 
sidered, this expedient was abandoned because the ad- 
ditional excavation entailed at the steep side slopes 
was prohibitive. 


It became apparent from the model studies that 
to obtain the desired discharge with the echelon spill- 
way design would be far too costly for the results 
obtained. 


Seconp DesIGN For SILLWAY 


In consideration of the objections to the echelon 
spillway, a second design was made incorporating en- 
tirely different features. This design was a tapered 
spillway, or spiral channel, superelevated. The center- 
line is a compound curve with a spiral at the down- 
stream end. Figure 3 shows 150,000 second-feet flow- 
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ing through the 1:90 scale model. 

The crest for this design was originally placed at 
elevation 1612.50. With the desired pond elevation of 
1671.00 for maximum flow the discharge was only 
144,000 second-feet. To increase this the crest was 
lowered to elevation 1611.00. This resulted in a dis- 
charge of 146,000 second-feet. It was found that the 
shape of the crest used at elevation 1612.50 gave the 
higher discharge coefficient; so this shape was then 
tried at elevation 1610.5 and the rest of the spillway 
was lowered accordingly. This combination produced 
the desired maximum discharge of 150,000 second- 
feet with a pond elevation one-half foot lower at ele- 
vation 1670.50. 

A careful study showed that the bottom of the 
spillway could be raised without noticeably affecting 
the flow. This resulted in a considerable saving of 
excavation. The bottom was finally raised on an aver- 
age of three feet, the originally designed super-eleva- 
tion being retained. 

The model also brought out the fact that a thin 
sheet of water overtopped the right side wall of the 
spillway at the start of the spiral. By shortening the 
radius of the downstream end of the pier, thus giving 
the pier nose more curvature, this unfavorable con- 
dition was entirely eliminated, and the flow was 
smoothed considerably throughout the entire spillway. 
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This spiral channel or taper spillway design is less 
complicated than the previous designs discussed. In- 
stead of nine tainter gates there are two stoney gates. 
The flow conditions are not only much more satisfac- 
tory, but simpler in that all the flow approaches two 
gates as it leaves the reservoir instead of approaching 
nine gates. Structurally the spiral channel is easier to 


build. 


Seconp DEsIGN FOR SPILLWAY 


In the discussion just given, model studies showed 
the unfavorable flow conditions at once and led to the 
design of a structure that was not only economical but 
hydraulically sound. If hydraulic model studies had 
been in general use at the time designs were made 
for the Morman Flat spillway and others, satisfactory 
designs would have been obtained. 

A typical example of a spillway used in connection 
with an irrigation storage reservoir is shown in Figure 
4. Such spillways are designed to discharge or by-pass 
excess water from the reservoir, and to supply irriga- 
tion ditches downstream from the dam. When there 
is no flow through the spillway, the irrigators are sup- 
plied by outlet works having an entrance at the reser- 
voir with the flow in a conduit under the dam and dis- 
charging into the stilling pool at the sin ex- 
tremity of the spillway. The term outlet works gen- 


Fig. 2. Revised Design. Discharge 150,000 Cubic Feet per Second. 
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erally included all of the equipment from the trash- 
rack and conduit, to the venturi meter or needle valves 
for measuring and controlling the flow. The flow 
through the outlet works is generally very small com- 
pared to the maximum discharge of the spillways. 

Figure 4 shows the 1:36 scale model of the Unity 
Dam spillway, Burnt River, Oregon. It was designed 
for a maximum discharge of 10,000 second-feet. The 
water flows from the reservoir through the approach 
and gate section, down the spillway, and into the still- 
ing pool where a hydraulic jump forms. 

The major hydraulic problem in a design of a still- 
ing pool of this type is the control of the hydraulic 
jump. The hydraulic jump is a phenomenon by which 
flow passes in an abrupt manner from rapid or shoot- 
ing flow to tranquil or streaming flow; it is the mech- 
anism by means of which kinetic energy is trans- 
formed into heat energy and dissipated. It is the tran- 
quil flow or streaming flow that is of primary impor- 
tance. As can be seen in Figure 4, the river bottom at 
the end of the stilling pool will be exposed to the high 
velocities leaving the pool if some device is not pro- 
vided to deflect or check those velocities. The hydrau- 
lic jump effectively serves this purpose, but the still- 
ing pool must be so designed that there will be no 
possibility for the jump to escape. 

The stilling pool floor is placed at the required 
elevation to provide sufficient tailwater depth, D,; 


Big” 
Deflections® 


Usually the word “deflection” brings forth a mental 
picture of a small movement. The frame of a machine 
must not give appreciably or bearings will become out of 
line ; a ceiling must not sag much or the plaster will crack ; 
a long girder must not visibly bend or the architect will 
frown. Such restrictions on the deflections with which the 
engineer is confronted have had a tendency to force into 
the background a full realization of just how large a 
deflection he can compute and do it with precision. 


The basic relation which interrelates the loads on a body 
and the properties of the deflection curve which that body 
is forced to take is by no means limited to problems involv- 
ing small deflections; it is, in fact, dependent only on 
the existence of the elastic state of stress regardless of the 
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the hydraulic jump will then form in the pool. By the 
use of a dentated step, a row of teeth at the break 
in slope, (See Fig. 4), and a Rehbock sill some dis- 
tance downstream from the step, the hydraulic jump 
is made to form more satisfactorily than it would 
naturally, i.e., by simply having the required theoreti- 
cal depth, D, based on the momentum formula. Fur- 
thermore, the use of a step and sill allows the pool 
floor to be raised above the floor elevation that pro- 
vides the required D,. If this is done the efficiency of 
the jump will not be greatly decreased, whereas the 
amount of excavation is greatly reduced. It is im- 
portant not to raise the pool floor or decrease D, to 
such an extent that should an accident destroy the 
step or sill the jump would sweep out of the pool. 


The dentated step is used to break the thin jet 
of fast moving water entering the stilling pool into 
more or less individual jets and to spread the jets up- 
ward above the pool floor thus decreasing the velocity. 
The Rehbock sill further deflects the jet from the bot- 
tom of the pool keeping the high velocities away from 
the bottom of the river bed. At the same time, a 
ground roller forms along the river bottom and just 
below the hydraulic jump. The current or flow at this 
point is moving upstream in such a manner that ma- 
terial is deposited along the end of the pool floor, thus 
protection from scour is obtained at this point. The 


(Continued on page 106) 
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size of deflection providing no approximations in its form 
are incurred. Knowing before hand that he will encounter 
only small deflections, the engineer purposely does place 
limitations so as to make his computations less laborious. 


In simple mechanics the equation of stability at any point 
of a flexed member is shown to be 


M 
— = Curvature of the member at the point under consideration 
EI 1 


where M is the moment in the member at that point, E is 
the modulus of elasticity of the material of which the mem- 
ber is composed and I is the moment of inertia of the cross 
section at the point considered. However, this curvature 
may further be written as 


*Briefed from a thesis entitled “Buckling Stresses” presented to the Faculty of the Graduate School of Cornell University as partial 
fulfillment for the degree of Doctor of Philosophy, June 21, 1937. 
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1 dx? 
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(2) 
t = 
et Radius of Curvature dy 271% 
1+ 
x 


where x and y are the longitudinal and transverse coordi- 
nates of the deflection curve relative to its unstressed posi- 
tion. Since the deflections and consequently the slope of the 
deflection curve dy/dx are very small in the ordinary struc- 
tures, (dy/dx)? in the denominator of (2) is very small 
compared with unity, causing the entire denominator to be 
nearly one. Thus, the usual assumption is that 


(3) 


If large deflections are expected this assumption cannot 
be made since the slope of the deflection curve dy/dx may 
not be small. Equation (1) must be used in its unmodified 
form. True, the differential equation expressed by (1) is 
much harder to solve than that expressed by (3), and in 
many cases no satisfactory solution has yet been found. 
The theory, nevertheless, applies; only the mathematics of 
the integration prevents a solution to all problems. 


As an example of the application of (1) to a structural 
member, consider the prismatical column AB, (figure 1) 
held rigidly at B, with constant moment of inertia I and 
with modulus of elasticity E, when acted upon by a con- 
centrated load P which acts at an angle £ to the unstressed 
axis A’B of member AB. 


Since the curvature of a member may also be expressed 
as the rate of change of the slope of the curve, equation 
(1) applied to AB at any point N(x, y) will give: (since 


EI 
P = ar Por =" 
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where Pcr = 
le sin B cos 2 + [2 (E— E’) — (K — K’)] cos A 


: {2p cos cos [2 (E—E’) —(K—K’)] sina 


p=sin(x+B8) 


ty 


4 +x 


Column held 
B ee rigidly at B 


11/114 


Figure 1 


EI EI ds 


where (6+ 8) is the slope of the elastic curve. with 
respect to the u-v axes and s is the distance along. the 
deflection curve from A to point N. 


Equation (4) may be integrated along the curve to give 
the following relations which describe that deflection 


curve: 


r EI 
412 


= A 
P 
2 
EI dx? 
1 ay: 
y = byl = —— 
where 
2 
de 
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1 = Length of Member 


sin — 


91 = sin! — 


«+p 
2 


sin 


K, K’, K” = Elliptic Integrals of the First Kind with upper limits of 7/2, ¢2 and 91 respectively. 


E, E’ = Elliptic Integrals of the Second Kind with upper limits of 1/2 and ¢2 respectively. 


dg. 
0 


The above equations of the deflection curve of member 
AB are obviously very complex; they are in fact implicit, 
requiring a knowledge of the angle « which the free end 
A of the deflected column makes with a line parallel to its 
undeflected position. If the load and not this angle « 
were known, as is usually the case, a tedious trial and error 
method of solution would be necessitated—assume an « 
so as to compute the corresponding load P, finally finding 
the value of « corresponding to the known P. The E, E’, 
K, K’, K” factors are all elliptic integrals which may be 
evaluated either by developing the integrand in series and 
integrating term by term or interpolating in standard 
elliptic integral tables*. 

In figure 2 a few deflection curves computed by these 
equations are shown for the load P acting at an angle of 
B= 0° to the axis of the unstressed member. For this 
special case (8 = 0°) the member AB is acting as a verti- 
cal column supporting an axial load P**. 

The accuracy of the foregoing exact analysis when tested 
experimentally by the author showed an average deviation 
of only 1.2% for steel rods, flat steel, brass rods, brass 
tubes, and celluloid splines even though deflections as large 
as 80% of the length of a member were experienced. Since 
bending stresses exceeding the elastic limit had to be 
avoided, long slender members were necessary if large 
deflections were to be realized. This striking agreement 
between the action of a simple column and the mathe- 
matical prediction of that action is very impressive, espe- 
cially when such imposing conditions as being nearly “bent 
double” are imposed. Certainly a greater feeling of confi- 
dence in the engineering approach to the physical problem 
of flexure evidences itself—a machine shaft or a floor beam 
necessarily falling far short of such harsh bending treat- 
ment. 


*The most complete set are those of A. M. Legendre “Traite 
des functions elliptiques” (Paris, 1826). Another less complete 
table is given by Hancock “Elliptic Integrals” (John Wiley and 
Son, 1917). 


**Deflection curves for values of 8 from 0° to 180° in incre- 
ments of ten degrees are given in the thesis “Buckling Stresses” 
from which this article is briefed (Appendix II). 
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Fig. .2 A simple experiment may be performed with the aid 
of the above diagram to show how closely these theoretical 
curves agree with actual ones. In the left hand hold a thin flex- 
ible celluloid pocket ruler or piece of straight steel tape fixed 
at the origin (0,0) with outer end at (0,100). Then apply a load 
to the end of the column by attaching a thread and pulling it in 
the direction of the arrow with the right hand. If proper care is 
taken to keep the member at the fixed support tangent to its 
unstressed axis (0,0), (0,100), good agreement between the 
curves should result. 


| 
ki 
= = 
| 


Knock, 
Knock, 


Davin BENJAMIN 
MLE. Knock 


Detonation is an important problem for every mo- 
torist, every truck owner, and every airplane opera- 
tor. The phenomenon is known to most people in this 
country as “knock”, and in Great Britain, as “pink”. 

In ordinary combustion in the cylinder of an inter- 
nal combustion engine, the flame progresses outward 
from the point of ignition, and the gases in the cylin- 
der burn along the spherical flame front, which tra- 
vels with ever increasing speed. As the flame advan- 
ces, the temperature of the flame, the pressure at the 
flame front, and the velocity of the flame increase 
continuously and uniformly. 

Knock, or detonation, occurs when the flame 
velocity exceeds a certain critical value, or when the 
pressure in the cylinder becomes too great. Knock is 
manifested by a rapid, almost instantaneous, rise 
in pressure, and by a ringing noise in the cylinder. 
This ringing is probably caused by the flexure of the 
metal parts in the engine, when the sudden pressure 
wave strikes them. 

Withrow and Boyd photographed flame propa- 
gation inside engine cylinders and their results show 
that the velocity of the flame increases up to the in- 
stant of knocking, at which time the flame appears 
throughout the entire remaining, unburned charge. 
During detonation the pressure wave travels at a vel- 
ocity greatly exceeding that of sound. 


THEORIES 

Ten years ago, which is relatively early in the 
history of research on detonation, W. A. Whatmough 
presented fifteen theories that had been propounded 
to explain detonation. That was ten years ago. There 
have been others since, but none has yet been fully 
accepted. Probably the one that is most nearly uni- 
versally accepted to-day is the original theory set 
forth by Ricardo in 1921. He states that when a 
mixture of hydrocarbons and air is burned at high 
pressure and high temperature, the flame spreads 
according to normal combustion processes and “com- 
presses before it the unburned portion of the charge. 
When the rise in temperature of the unburned por- 
tion due to compression by the burning gases exceeds 
the rate of heat dissipation by a certain margin, 
spontaneous ignition of the former takes place, and 
an explosion wave is set up which strikes the walls 
of the cylinder with a hammerlike blow, thus causing 
the familiar metallic ring, known as ‘pinking’ or ‘de- 


tonation’.” 


‘A Knocking” Explosion 


4 


In taking these photographs of flame propagation in the Otto- 
cycle engine, light from the flame only reaches motion-picture 
film thru a pyrex glass window extending across the combustion 
chamber. The film moves at constant velocity and at right angles 
to the direction of flame motion. No shutter is used on the cam- 
era, hence the result is a continuous race of the flame front and 
may be interpreted as would be a plot of distance of flame 
travel against time. 

Another theory that enjoyed some popularity is 
the “nuclear” theory. This states that drops of some 
hydrocarbons remain suspended in the’ mixture dur- 
ing compression. During the period of combustion 
these drops, which are very active chemically, are 
in contact with the air in the mixture, and an ex- 
tremely unstable peroxide is formed. This peroxide 
does not break down under the initial low tempera- 
tures, but as combustion continues, and the tempera- = 
ture in the cylinder is raised, the peroxide disinte- 
grates with explosive force, thus causing detonation. 

In accordance with this nuclear theory, Moureu 
and Dufraisse suggested that the action of anti-de- 
tonants (additions to fuels, which suppress knock) 
could be explained by saying that these agents hin- 
der the formation of the peroxides by not allowing 
the nuclei to combine with the oxygen in the mix- 
ture. Whatmough, however, ardently contradicts their 
views, claiming that “there is direct evidence from 


flame photographs against the anti-oxygen theory.” 


Tue INFLUENCE OF ComPRESSION RaTIO 

The pressure at which the mixture is ignited is im- 
portant in determining whether or not detonation 
will occur. If the pressure in the cylinder is high at 
the time that the spark plug ignites the charge, de- 
tonation may occur, whereas a lower pressure would 
not have resulted in detonation. Thus high com-. 
pression ratios favor engine knock, and conversely 
detonation limits the compression ratio that can be 
used in an engine. Since the air cycle efficiency de- 
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pends on the compression ratio, efficiencies are limit- 
ed by detonation; and the lower temperatures which 
result from high compression ratios cannot be rea- 
lized. 

It might be in order to digress a bit to state the 
effect of high compression ratios on engine temper- 
ature, for in the past there has been much confusion 
on the matter. Increasing the compression ratio of an 
engine does raise the maximum instantaneous flame 
temperature, but the longer expansion, which is intro- 
duced by raising the compression ratio, causes the 
gases to cool more on the expansion stroke, and the 
exhaust is cooler. This results in a cooler mean en- 
gine temperature, and prevents pitted and burnt-out 
exhaust valves. Of course the higher compression ratio 
results in a lower engine temperature only if deton- 
ation does not occur. 

ComBusTION CHAMBER DESIGN 

The design of the combustion chamber is one im- 
portant consideration, and cannot be overlooked if 
knock is to be avoided in an internal combustion en- 
gine. Recalling that knock occurs when a critical 
flame velocity is exceeded, and that the flame vel- 
ocity increases as the distance of flame travel in- 
creases, it can be seen that a large combustion cham- 


ORDINARY NON-KNOCKING COMBUSTION 

The film is travelling from right to left, while the flame mo- 
tion is towards the top of the page. The small but increasing 
slope near the bottom. of the illustration shows that initiially 
the flame has a small velocity, which increases with the dis- 
tance from the spark plug. In the center part of the flame trace, 
the flame front is moving with a materially constant velocity. 
As the flame approaches the far side of the combustion chamber 
it is slowed down, because the gases here are cooled by the 
metal wall. 
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ber is favorable to knock, whereas a combustion 
chamber in which the flame has to travel but a short 
distance is a step away from detonation. 

The ideal combustion chamber, from the stand- 
point of flame travel, is a hemispherical one, with the 
spark plug in the vicinity of the geometric center, 
slightly toward the exhaust valve. The reason for dis- 
placing the spark plug is that the exhaust valve is 
invariably the hot spot in the cylinder head, and if 
the flame path to it is shortened, the likelihood of 
detonation due to the high temperature is lessened. 
For this shape combustion chamber, the flame tra- 
vels about the same distance in all directions, and 
the distance is the shortest possible. In general, how- 
ever, this combustion chamber is impractical, for it 
would require two camshafts, because the valves are 
on opposite sides of the spark plug. The second choice 
is an engine with twin ignition. By igniting the mix- 
ture in two places at practically the same instant, 
there will be two flames, each of whose path will be 
shortened by the other. The use of two sets of spark 
plugs to help eliminate knock is frequently employed 
in aircraft engines, where twin ignition is almost re- 
quisite anyway, for safety’s sake. This method is not 
suited to ordinary automobile engines for it increases 
the cost and complexity. In case either spark plug 
fails, (and particularly the one nearer the exhaust 
valve) the detonation is far worse than would occur 
if the engine had been designed with only one plug in 
a more central position. ‘ 


Another type of cylinder head which has been de- 
veloped to reduce knock is known as the “Ricardo 
head”. In this head the combustion chamber is almost 
entirely over the valves, which are to one side of the 
piston. The head comes down close to the piston when 
the latter is at the upper dead center position, and 
the volume of this part of the combustion chamber 
is reduced to practically zero. Since the gases here 
are the last to burn, the far side of the combustion 
chamber should be well cooled. In the main part of 
the combustion chamber, the spark plug is set above 
and between the valves, giving a triangularly shaped 
space which is somewhat similar to the hemispherical 
ideal chamber. 

In the “T-head” engine, which is now obsolete, be- 
cause knock could not be eliminated, even with low 
compression ratios, the valves were on opposite sides 
of the cylinder and the spark plug in the inlet valve 
cap. The length of flame travel was just about as 
great as it could be, and the last charge to burn was at 
the hot exhaust valve—conditions which were a wel- 
come sign to detonation. 


‘ 
. 
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TURBULENCE 

A certain amount of turbulence is desirable, for it 
causes the mixture to burn smoothly and rapidly, 
and keeps the cylinder temperature low. Turbulence 
is also necessary to insure that the flame velocity be 
high enough so that combustion will be completed 
before the piston has travelled too far on its expan- 
sion stroke. But the turbulence must be kept within 
limits, or it will so increase the flame velocity that 
knock will occur. 

OrHerR INFLUENCING Factors 

Ricardo, in testing a wide range of single-cylin- 
der sleeve-valve engines, all having the same type of 
combustion chamber, found that the highest compres- 
sion ratio that could be used without knock was an 
inverse function of the cylinder diameter. 

By keeping the cylinder head cool, the tendency 
to detonate can be reduced. Aluminum cylinder heads 
and water cooled exhaust valve seats and guides are 
a step in the right direction. 

A factor that is easily overlooked is the design 
of the exhaust ports. The flow of exhaust gases past 
the valve should be as smooth as possible, for turbu- 
lence in the vicinity of the valve will cause it to heat 
up, and detonation may result. 

Wuy Knock Is Nor WantTeD 

Detonation is undesirable for several reasons that 
are well known. There is a decided power loss the 
moment that an engine detonates. A certain amount 
of energy is lost in flexing the engine parts — the 
wrist pin, the cylinder walls, the piston, and even the 
connecting rod. Under very severe conditions, certain 
parts of the engine may actually fail, owing to the 
excessive “punishment” from detonation. When an 
engine knocks, more heat energy than usual is lost 
through the exhaust gases. Because of these energy 
losses, the knocking engine becomes more expensive 
to operate, since the useful energy delivered per 
pound, or per gallon of fuel, is decreased. 

FuELs 

When all the engine variables, such as compression 
ratio, engine speed, load, cylinder design, heat in the 
entering air, spark advance, and temperautre, are 
fixed, the type of fuel used still has a most important 
influence in determining whether or not the engine 
will knock. 

Gasolines from certain crudes have natural anti- 
knock properties. Fuels which contain a large per 
centage of hydro-carbons in the paraffin series are 
prone to knock readily. Additions of tetra ethyl of 
lead, toluene, alcohol, or benzol all give ordinary 
gasolines better knock resisting qualities. Of two 
fuels of equal anti-knock rating by test, the one 
which has the greater volatility will detonate more 
readily under operating conditions. Likewise, the 
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KNOCKING COMBUSTION 
Combustion in this case is similar to non-knocking combus- 
tion, in that the flame gradually increases in velocity as it 
leaves the spark plug, and then reaches a substantially constant 
speed. When the knock occurs the flame trace is almost verti- 
cal, indicating that the velocity is almost infinite, or that the 


flame appears almost instantaneously throughout’ the unburned 


charge. 


denser of two fuels, similar in knock ratings, has the 

better anti-knock properties in an engine. “The drier 

the mixture”, says Whatmough, “the faster it burns, 

and the harder it pinks. Hence the combustible 

must be as ‘cold’ and as ‘wet’ as possible.” 
AntI-DETONANTS 

The action of certain agents in improving the 
anti-knock qualities of a fuel are not well understood. 
Most of the theories that have been put forth to ex- 
plain how knock is suppressed have been discarded. 

As the benzol, in a blend of straight run gasoline 
with benzol, is increased, the fuel cost is increased, 
but the highest compression ratio that can be used is 
also increased, while the fuel consumption decreases. 
The result is a decidedly smaller fuel consumption 
when based on the energy developed. Hence the fuel 
cost in dollars and cents per brake-horsepower-hour 
actually decreases. 

Tetra ethyl of lead acts in a similar manner, but 
after a certain amount of it is added, it becomes less 
effective, and the fuel saving by making further addi- 
tions is soon offset by the cost of additional lead 
tetra ethyl. The economic maximum is about five 
cc. per gallon, and varies somewhat, according to 
the cost of the fuel and of the lead tetra ethyl. 

But the more economical results are not all that 
are attained from “ethyl fluid”. It also allows, without 
detonation, a higher compression ratio than could 

(Continued on page 111) 
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Increase to $400 a Year Announced by President Day 
at Dedication of Plaque to Donor 


The College of Engineering opened the 1938 com- 
petition for the John McMullen Regional Scholarships 
with an impressive ceremony on January 5, at which 
a bronze memorial tablet was dedicated to the donor 
and the announcement made that beginning next fall 
the scholarships will carry an increased stipend of $400 
per year. 


Thirty scholarships, providing full tuition for four 
or five years in engineering, will be awarded this spring 
to outstanding high school and preparatory school 
seniors throughout the United States with the excep- 
tion of New York State. 


The increase of $100 per year, which will also ap- 
ply to McMullen Regional Scholarships now held by 
73 undergraduates, is made possible by additions to the 
fund established in 1923 by the late John McMullen 
of Norwalk, Conn., now amounting to more than 
$1,600,000. 

When Mr. McMullen died in 1921, he bequeathed 
the income from his stock in the Atlantic Gulf and 
Pacific Company to Cornell. The fund thus established 
now yields approximately $70,000 per year. Besides 
the 30 new Regional Scholarships, the College of Engi- 
neering in 1938-39 will award 48 McMullen Under- 
graduate Scholarships at $200 and 12 McMullen Grad- 
uate Scholarships of $1,000. The 1938 competition for 
McMullen Regional Scholarships was opened by send- 
ing application blanks to principals and headmasters 
of schools in the 15 regions into which the country has 
been divided. Awards will be made on the basis of aca- 
demic faculty and character by a faculty committee 
assisted by Cornell engineering alumni in each region. 


Distribution of Scholarships 


Scholarships will be distributed as follows, the 
numbers in brackets indicating the number of scholar- 
ships assigned to each region: 


_ No. 1, New England (2); No. 2, Pennsylvania (3); 
No. 3, New Jersey, Delaware, Maryland, District of 
Columbia (2); No. 4, Virginia, N. Carolina, S. Caro- 
lina (1); No. 5, Georgia, Florida, Alabama, Mississippi, 


Louisiana (2); No. 6, West Virginia, Kentucky, Ten- 


nessee (1); No. 7, Ohio (2); No. 8, Indiana, Michi- 
gan (3); No. 9, Illinois (3); No. 10, Texas, Oklahoma, 
Arkansas (2); No. 11, Missouri, Nebraska, Kansas 
(2); No. 12, Iowa, Wisconsin, Minnesota (2); No. 13, 
North Dakota, South Dakota, Montana, Wyoming 
(2); No. 14, Colorado, Arizona, New Mexico, Nevada, 


Utah (1); No. 15, California, Oregon, Idaho, Wash- 


ington (2). 


_ Additional application blanks and supplementary 
information may be secured by writing the Dean of 
the College of Engineering, Cornell University. 


Speakers at the memorial ceremony were President 
Edmund Ezra Day, Dean Emeritus Dexter S. Kim- 
ball and Dean S. C. Hollister of the College of Engi- 
neering, and DeWitt D. Barlow, President of the At- 
lantic Gulf and Pacific Company, which Mr. McMul- 


len organized and controlled. 


Engineering at Cornell 


President Day, paying tribute to Mr. McMullen 
as one of Cornell’s greatest benefactors, said in part: 
“A steady stream of educated youth, flowing from the 
campus into the many and varied communities 
throughout the country will leave a significant impress 
on the structure of American life. Those who have re- 
ceived their higher training with Mr. McMullen’s 
help, and the communities in which they subsequently 
live, will have occasion to acknowledge this generous 
donor’s benefactions. 


“The world is in need of men who have the engi- 
neer’s faculty of getting at the facts and applying them 
constructively. Too often, however, the engineer has 
had a rather narrow specialized training which makes 
him oblivious of social and economic consequences of 
the things he designs and builds. The engineer, if he 
is to play his proper role in our highly complex society, 
must be more than a craftsman, more’ than a technical 
practitioner. The things he builds must be made of 
more than steel and stone and mortar. They must 
serve social and cultural, as well as pecuniary pur- 
poses; they must not be confined entirely to the con- 
siderations of the profit and loss account. 


“We believe that here at Cornell we are training 
engineers with such an ideal before them. Our engi- 
neering college is an integral part of the University. 
Our engineering students mingle with students pur- 
suing practically every branch of learning. In their 
classrooms, as well as in their extra-curricular activi- 
ties, they meet men and women from every state in 
the Union and from the leading countries of the world. 
The cultural resources of a great university are every- 
where about them. The broadening influences of such 
an environment are of supreme importance.” 


Mr. Barlow, personal friend and business associ- 
ate of the Cornell benefactor, told engineering stu- 
dents that their donor was a “self-reliant and self- 
confident man — genial, but never seeming to invite 
intimacy.” 


“He believed that education should be only for the 
best,” Mr. Barlow said, “that universities should find 
the most able boys and educate them to the limit: 
give the best minds unlimited opportunity. He had 
no use for conventional thinking.” 
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Ramsey, Wellington Light 


DISTRICT NO. 1 
Badger, Frederick Wells 
Boak, Thomas Isaac, Jr. 
Carnes, Thomas Sanderson 
Dawley, Morgan Willis 
Moody, Norman Frederick 
Rutherford, John, Jr. 

DISTRICT NO. 2 
Amsler, Frederick Demmler 
Brown, Carl Pierson Meadville, Pa. 
Burke, Alexander Nanticoke, Pa. 
Fahnoe, Frederick Sharon, Pa. 
Gurdak, John Paul Spring Creek, Pa. 
Kruse, Raymond Whittmore St. Davids, Pa. 
Mann, Robert Ven Avon, Pa. 
Magoun, John Warren Steelton, Pa. 
Bryn Mawr, Pa. 
Remorenko, Michael Samuel Brookhaven, Pa. 
Tears, Claude Frederick, Jr. Warren, Pa. 
Wagner, Ned Follmer, II Watsontown, Pa. 

DISTRICT NO. 3 
Benedict, Farrand Northrop 


Blackburn, Douglas 
Graham, Roland Russell, Jr. 


Berwick, Maine 
Hamden, Conn. 
Portland, Maine 
Norwich, Conn. 
Pittsfield, Mass. 
Greenwich, Conn. 


Pittsburgh, Pa. 


East Orange, N. J. 
Park Ridge, N. J. 
Westfield, N. J. 


Griffith, Forrest Lee, Jr. Baltimore, Md. 
Heath, Robert Harley Morristown, N. J. 
Lansing, Henry Warner Cranford, N. J. 
Lenderman, Calvin Swayne Florence, N. J. 
Ohaus, Robert Edward Irvington, N. J. 
Orrick, Henry Abert, III Baltimore, Md. 
Reindollar, Robert Mason, Jr. Baltimore, Md. 
Schultz, Thomas Arthur Baltimore, Md. 
Strempel, Edward Leslie Bethesda, Mr. 


DISTRICT NO. 4 
Sterling, John Carmen, Jr. Newport News, Va. 
DISTRICT NO. 5 
Dungan, Merrill Raymond Orlando, Florida 
Ruden, Sol Atlanta, Georgia 


DISTRICT NO. 6 


Dozier, Elza Winfield Madisonville, Ky. 
DISTRICT NO. 7 

Ayers, William Tarlton Toledo, Ohio 

Bronson, Wright, Jr. Akron, Ohio 

Dungan, Richard Thomas Dayton, Ohoi 


Flickinger, William Carlton Shaker Heights, Ohio 
Roe, Mayo Eugene (formerly Elyria, O.) Buffalo, N. Y. 
Roe, Robert Beebe (formerly Elyria, O.) Buffalo, N. Y. 


> 


Cornell’s 73 present holders of McMullen Regional Scholarships with the speakers at the dedication of the plaque to John McMullen. 
Behind the plaque left to right are the speakers: Dean Emeritus Dexter S. Kimball; President Edmund Ezra Day; DeWitt D. Bar- 
low, President of the Atlantic Gulf and Pacific Company; and Dean S. C. Hollister of the College of Engineering. 


Present John McMullen Regional Scholars 


DISTRICT NO. 8 


Grosse Pointe, Mich. 
Dearborn, Mich. 
Detroit, Mich. 
Buchanan, Mich. 
Birmingham, Mich. 
Detroit, Mich. 


Barnes, John VanNoy 
Bennett, Joseph Lawrence 
Funkey, John Ferdinand 
Habicht, William Homer 
Turner, Kenneth Edward, Jr. 
Warrick, Woodward Henry 


DISTRICT NO. 9 


Fleming, William John (formerly Oak Park, III.) 
Jackson Heights, N. Y. 


Hilchrist, Robert Treat Chicago, III. 
Hart, Wilbur Dyre Dixon, Ill. 
Jaicks, Frederick Gillies Hinsdale, Ill. 


Lynn, William Fred La Grange, Ill. 


Riday, Jack Thompson, III Winnetka, Ill. 
DISTRICT NO. 10 

Kaim, Irwin Jerome Dallas, Texas 

Newman, Robert Clarke Tulsa, Oklahoma 

Upp, Jesse Eugene Tulsa, Oklahoma 


DISTRICT NO. 11 
Beagle, Lyle Merritt Jefffferson City, Mo. 
Haase, Robert William Kansas City, Mo. 
Irish, Shurly Russell, Jr. Webster Groves, Mo. 
Johnson, Robert M. Omaha, Nebraska 
Scott, William Hamilton Omaha, Nebraska 


DISTRICT NO. 12 


Birckhead, Lewis Natlack 
Finn, Robert Kaul 
Fischer, William Edwin 
Lake, Charles William, Jr. 


DISTRICT NO. 13 


Dorius, Noah Edwin 
Hintgen, Gene L. 
Nelson, Bruce Elmer 
Ryan, Norman Wallace 


DISTRICT NO. 14 
Bunte, Donald William 
Reeves, Robert John 

DISTRICT NO, 15 
Hoesly, Henry Bruce Spokane, Washington 


Milwaukee, Wisconsin 
Waukesha, Wisconsin 
Stevens Point, Wisconsin 
Madison, Wisconsin 


Casper, Wyoming 
Bismarck, N. Dakota 
Spearfish, S. Dakota 
Casper, Wyoming 


Prescott, Arizona 
Denver, Colorado 
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CHARLES HOLCOMB DAWSON 


“T almost never stay in Ithaca over the week-end”. 
Such is the claim of Charles Holcomb Dawson, ’38 EF, 
who arranges his studying on what he calls the five 
day plan — no studying over the week-ends. Does it 
work? Charlie says it does, and he has ample evidence 
to prove his claim. His Sophomore year Dawson won 
the Eta Kappa Nu scholarship prize, in his Junior 
year the Sibley Prize. His other academic honors in- 
clude membership in Tau Beta Pi, Eta Kappa Nu, and 
Phi Kappa Phi. He is also a member of Scabbard and 


Blade, and Pi Tau Pi Sigma, military societies. 


Dawson hails from Uniontown, Pennsylvania, and 
graduated from Andover, where he was a member of 
the soccer and lacrosse teams. He believes that scho- 
larship should be the primary aim of college students, 
but that the technique of getting along with others is 
a valuable asset which should be cultivated in ‘under- 
graduate life. 


After graduation Charlie hopes to enter commun- 
ication work with one of the large public utility sys- 
tems. By starting with testing work and then work- 
ing into research he hopes to eventually gain enough 
experience to return to college and instruct in some 
branch of electrical engineering. He secretly admits 
that he would prefer to return to his Alma Mater if 
this were possible. 


Dawson finds relaxation in a wide variety of hob- 
bies varying from stamp collecting to raising dogs. 
As a pastime he reads the Greek classics in the ori- 
ginal language, which for most of us would be a rather 
strenuous undertaking. 


Do You Know 
These Men? 
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JOHN ADOLPH PISTOR 


“Growing up with a growing concern” seems to be 
the aim of John Adolph Pistor, ’38 AE, who plans to 
enter promotion work on new products and processes 
of a technical nature. Johnny plans to eventually 
work into an executive position through industrial 
sales. 

Pistor, who lives in Montclair, New Jersey, grad- 
uated from Berkshire School, where he was active in 
publication work and athletics. His Freshman year 
Johnny was Chairman of the Freshman Banquet Com- 
mittee. He has since been a member of thé Freshman 
Advisory Committee, Red Key, and Tau Beta Pi, 
President of Kappa Tau Chi, Secretary of Sphinx 
Head, Manager of Freshman Football, and Treasurer 
of his fraternity Phi Gamma Delta. 

Johnny feels that the theories which are learned 
in college are of small practical value in view of the 
present trend of large companies to give intensive 
training courses. He does feel, however, that the ex- 
perience which one gains through working with others 
both in classes and outside, and the practice in ad- 
ministrative work gained by taking part in outside 
activities, is most valuable. 

Summers Pistor spends at a camp in New Hamp- 
shire where he is an instructor in horseback riding and 
a counsellor. He has a fifteen year old car at camp 
that he likes to tell about. Originally designed as a 
phaeton, the machine now sees service carrying fif- 
teen passengers with full equipment. Knocks are sil- 
enced by using transmission. grease in the crankcase, 
starting taken care of by a flip of the crank. The in- 
surance examiner broke Johnny’s heart when he re- 
fused to allow the car on the road last year—for 
reasons which he claimed were obvious. 


; 


January, 1938 


THE CORNELL ENGINEER 


ALUMNI 


NOTES 


We are reprinting the following note from the Cor- 
nell Alumni News, hoping to illustrate how the Alumni 
Department can be made more amusing — more 
readable. 


The correspondents are merely poking unobtrusive 
fun at one another, but letters like this tend to liven 
up the reading matter, and interrupt the stereotyped 
meter that our notices seem to fall into. At least, hat 
is our belief, and we would like to know if it is yours 
also. 

You are all running across potential Alumni news 
during your daily professional and personal contacts; 
why not sit down and write them up in a readable 
conversational style—then send the card or letter to 
the Alumni Editor, Cornell Engineer, Cornell Univer- 
sity. 

“The fur begins to fly in the controversy over 713 
Class sons who are college graduates, raised by Win- 
throp T. Scarrit in the ALUMNI News October 21. Mar 
cel K. Sessler, chairman of the reunion record commit- 
tee, forwards this from George Fowler: 


“How does Win Scarrit get that way? His son the 
first college graduate son of the Class ! ! ! Doesn’t he 
know that Jay Keepian and myself each had sons in 
the Class of ’36 at Cornell, and that Nick Carter had 
a son in the Class of 37 at the same institution? And 
now he comes along and makes a statement like that 
concerning a mere infant who will be graduated next 
year. Spide Bridgeman had a daughter in the class 
of °37 at Smith, but I guess girls would not count with 
Win. So I think Win better take a back seat and keep 
quiet, rather than boast of the scholastic feats of his 
progeny. 

“Also, why is it that a loyal Cornell engineer like 
Win let his boy grow up to be such a sissy that he 
takes an Arts course at Colgate? The above mentioned 
sons of the Class are all Cornell Engineers; two ME’s 
and one CE. Yours for bigger and better Cornell En- 
gineers. 

“P. S. I wonder if any other Cornell family can 
equal the reunion record of the Fowlers next June, 
when, if we all live, the following will register for Class 
reunions: Charles S. Fowler ’88 fifty-year; George 
Fowler 713, twenty-five-year; Francis R. Fowler 36, 


two-year. Is there any other record of three genera- 
tions reuning at the same time?” 


06 ME, ’89—Robert Greg, formerly vice presi- 
dent of the United States Steel Corporation, has now 
become president of the Tennessee Coal and Rail- 
road Company. Leonard T. Beecher ’89 was secretary 
and treasurer of this company before his retirement. 


07 CE— Professor Paul H. Underwood, now Act- 
ing Director of the C. E. School, participated in a two 
weeks conference of surveying teachers at Camp 
Marston, Rainier, Minn., in July. 


"12, 13 CE—Harold T. Canfield who lives at 10 
North Fulton Avenue, Mount Vernon, N. Y., is with 
the Summers Engineers and Contractors, 247 Park 
Avenue, New York City. 


ME—Ernest L. Thearle was recently 
granted a patent on a vertical shaft turbo-generator, 
developed in the General Electric laboratories in 
Schenectady, where he works. The patent was sdhadal 
to the General Electric Company. 


26 EE—A. W. Clark is managing director of the 
Black and Decker Manufacturing Company in Tor- 
onto. Barbara Howard, born March 29, is the most 
recent addition to the family. 


36 AE—Walter L. Chewning who has been in the 
Schenectady plant of the General Electric Co. for the 
last year has been transferred to the West Philadel- 


phia plant where he is in the testing department. His 
address is 361 Bala Avenue, Cynwood, Penna. 


The monthly dinner meeting of the Executive 
Committee of the Cornell Society of Engineers was 
held at the Cornell Club of New York at 6:30 P.M., 
on December 6, 1937. The Committee was most for- 
tunate in having both Dean Hollister and Jim Parker, 
trustee, as guests. Dean Hollister reviewed the past 
record, present plans and future needs of the Engin- 
eering College and Jim Parker outlined the history 
of the Engineering Council, its membership, objects, 
and relationship to the President of the University and 
Board of Trustees. The discussions proved so inter- 
esting that the meeting did not adjourn until almost 
midnight. 


Willard Straight Hall 


Use the CORNELL UNIVERSITY PLACEMENT BUREAU 


H. H. Williams ’25, Director 
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COLLEGE NOTES 


PROGRESS IN AIR CONDITIONING OPTION 


Extension of the equipment available for work in 
Air Conditioning and related subjects is progressing 
with the renovation and equipping of new Heat 
Transfer Laboratories in the Sibley School of Mec- 
hanical Engineering. They will be located in the space 
formerly occupied by the University photographer, 
and augmented as funds become available. 

A new option, directed by Professor C. O. Mackey, 
25, has been selected by fifteen seniors in M.E. 
Initially offered last year, the new option includes 


work in fluid flow, heat transfer, refrigeration and air- 


conditioning. As Professor Mackey will be on Sabbatic 
leave during the second term, 1937-1938, his entire 
option has been scheduled for the first term during 
this year only. 

Instruction and research has been expanding in 
these fields with the aid of apparatus supplied by air- 
conditioning-pioneer, Willis H. Carrier, ’01. Prof. 
Mackey has recently revised the formulas first de- 
veloped by Carrier, conceded to be the basis of mo- 
dern air conditioning, and devised a slide-rule to 
simplify calculations. He is also the author of the 
chapter on air conditioning in the Refrigerating Data 
Book published by the American Society of Refriger- 
ating Engineers. 


ASCE — ASME 

The American Society of Civil Engineers and the 
American Society of Mechanical Engineers held a 
joint meeting in the main lecture room of Baker 
Laboratory at 8:00 P.M. on Thursday, January 13. 
An instructive program was furnished, including movy- 
ing pictures loaned by the Bethlehem Steel Corpora- 
tion. The latter were entitled: “Manufacturing of 
Structural Steel Shapes” and “The Construction of 
the New Golden Gate Bridge”. 
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NON-RESIDENT LECTURER 

Mr. M. M. Boring of the General Electric Com- 
pany, spoke to the seniors in engineering on “Indus- 
trial Training” on January 7 in Lecture Room No. 2, 
West Sibley. Mr. Boring, who has interviewed ap- 
proximately 75,000 college men during his personnel 
work, discussed some of the conclusions he has drawn 
from this experience, and illustrated his points with 
some true cases he has run across. 

Incidental to the story of a case history Mr. Bor- 
ing was discussing, he mentioned that his company 
will start to manufacture television receivers for con- 
sumer sale very soon. One of the stumbling blocks had 
been removed by an exceptional engineer he was dis- 
cussing. ; 

These weekly lectures, which are part of the senior 
engineer’s curriculum, are open to all there is room for. 
As the lecture room was overcrowded for Mr. Boring’s 
talk, it has been suggested that Baker Laboratory be 
used in all future lectures. 

The remaining lectures for this term are scheduled 
as follows: “Preparation for Seeking Employment” by 
Mr. H. L. Davis, of the New York Telephone Co. 
on January 21 in Lecture Room No. 2; and “Busi- 
ness Ethics” by Mr. J. H. Bigelow, of the New York 
Telephone Company. 


CORNELL RADIO CLUB 

The second meeting of the Cornell Radio Club was 
held December 14 in Franklin Hall. Elections were 
held and Harold Robins, ’40, was elected president, 
Albert T. Mayle, ’39 E.E., vice president, and Robert 
Meachem 40 E.E., secretary-treasurer. The constitu- 
tion of the club was formally adopted. 

The active membership of the club is to be limit- 
ed to licensed amateurs. Associate members are to be 
admitted by vote of the members. Those wishing to 
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join the organization should submit application in 
writing at a meeting. 

The pupose of the club is to increase interest in 
radio and experimental amateur work. 

The club is to have a regular amateur station as 
soon as funds are collected for the construction of 
the transmitter. 


KAPPA TAU CHI ELECTIONS 

On December 9, 1937, Kappa Tau Chi, the honor- 
ary society in Administrative Engineering, held an 
election meeting for new members. The new men 
elected are: Ralph McCarty, Jr.; Willard K. Wood; 
Phillip G. Twitchell; George R. McMullen; Aertsen P. 
Keasbey; Kenneth B. Sadler; Merton F. Gerhauser, all 
of the class of 1939. Initiation of the newly elected 
will take place at the next regular meeting. 


PROFESSOR UPTON ON SABBATIC LEAVE 

Professor G. B. Upton, Director of the Automotive 
Engineering Option, will be on Sabbatic leave during 
the second term of 1937-38. During his absence, Mr. 
C. W. Terry will teach his courses in Automotive En- 
gineering, and his course in Metallography will be 
omitted. 

Professor Upton plans a combined pleasure-busi- 
ness trip and will undoubtedly turn his motor jaunt 
to the Pacific coast into an informal field trip. 


TAU BETA PI ELECTIONS 

The Delta Chapter of Tau Beta Pi, honorary engi- 
neering society, held its Initiation Banquet on Friday, 
January 7, in the Dutch Kitchen of the Ithaca Hotel. 
Featured speaker of the evening was Mr. W. H. Car- 
rier 01, whose main topic was his definition of Educa- 
tion. 

In Mr. Carrier’s definition, he emphasized the im- 
portance of the development of mental processes of 
thinking rationally and with sound reasoning, not the 
accumulation of a vast supply of knowledge of facts. 
By deductive thinking (proving a known theorem by 
starting with the theorem and going backwards to the 
few basic truths) no one can exceed the limits already 
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attained in engineering; but by inductive thinking— 
building up from a few fundamentals—a conclusion 
new and important may be attained. 

As an employer, (Mr. Carrier is the founder of the 
Carrier Corporation—Air-Conditioning Engineers) he 
wants men who can think inductively, men of charac- 
ter, men of creative imagination, courage, and enthus- 
iasm. 

The new members initiated were: Raymond N. 
Ali, C.E.; Nichol Bissell, Arch.; Charles H. Dawson, 
E.E.; Jack W. Gaul, C.E.; Rolf H. Hemmerich, Chem.; 
John C. Lawrence, Arch.; John H. McClennan, A. E.; 
John E. Mitchell, A.E.; David F. Sanders, E.E.; Jos- 
lyn A. Smith, E.E.; Robert H. Stephens, Chem.; M. 
Wayne Stoffle, Arch.; and Freeman Svenningson, 
M.E. of the class of 1938; also Albert R. Davis, A.E.; 
and Karl J. Nelson, Chem., of the class of 1939. 

Toastmaster was John A. Pistor °38, and there 
were greetings from President George C. Brainard ’38: 
and Initiate Albert Davis ’39. 


C.E. AWARDS 

The School of Civil Engineering announces the fol- 
lowing annual awards of medals and prizes effective 
during the current year: ) 

GRADUATES 

The Fuertes Medal—F¥or the most meritorious 
paper upon some engineering subject tending to ad- 
vance the scientific or practical interests of the profes- 
sion of the civil engineer, written by a graduate and 
submitted on or before April 15. If in printed form, it 
must have been printed not earlier than the preceding 
April 15. 

UNDERGRADUATES 

The Fuertes Medal—To the student who, having 
attended the University for at least two years, has 
maintained the highest degree of scholarship for the 
period ending with the first term of his senior year. 

The Charles Lee Crandall Prizes—Four prizes for 
the most meritorious papers written by seniors or jun- 
iors on suitable subjects, provided both the substance 
and written form show real merit, submitted on or be- 
fore May Ist. 
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WALKER L. CISLER ’22, EXEcuTIVE VICE PRESIDENT 


CORNELL SOCIETY of ENGINEERS 


GUSTAV J. REQUARDT ’09, PrEsIDENT 


DAVID HARMON ’31, REcorDING SECRETARY 


“The objects of this Society are to promote the Welfare of the College of Engineering at Cornell University, 
its graduates and former students and to establish a closer relationship between the college and the alumni. 


- ELWYN E. SEELYE ’04, SEcRETARY-TREASURER 
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President's Column 


Fellow Engineers: 


Be a joiner! Professionally and socially, unsel- 
fishly and for your own good, join as many worth- 
while organizations as you can afford. This applies 
to undergraduates as well as alumni. 


By “worthwhile is meant those organizations which 
have a definite purpose, an attainable goal, an ability 
for accomplishment, a permanence of life, a past re- 
cord of success, a healthy growth and a good outlook 
toward the future, as distinguished from those or- 
ganizations having to do with class propaganda, pre- 


vention, isms, political Utopias and other queer aims _ 


and ideals. Coming under the heading of worthwhile 
organizations are undergraduate societies, technical 
and social, student and local chapters of national 
technical societies, local engineering clubs, luncheon 
and country clubs, special technical organizations like 
the American Water Works Association, fraternal, 
insurance, building and loan and standard political 
societies. 

The advantages of being a joiner are so numerous 
that only a few can be listed and discussed in this short 
letter. To my way of thinking, I would say the prime 
advantage is the opportunity to obtain identification. 
When one joins an organization he states who he is, 
his name goes on a membership list (very important), 
and he offers himself to the scrutiny of his fellow 
members. He is rated, classified and identified. If he 
has any ability whatsoever, he is raised above the 
average level of humans. He is a somebody. 

The next advantage is the opportunity to make 
friends and acquaintances. One can live in an apart- 
ment next door to a family or work near a fellow en- 
gineer in an office and never get to know them. If 
you meet the family at the club or hear the engineer 
read a paper at your technical society, you will soon 
forget the “Mr.” and be using first names. 


The possession of a forum to develop and express 
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your ideas is no mean advantage you acquire by 
joining a worthwhile organization. How quickly the 
man advances who thinks out a plan, arranges and 
classifies its divisions, and persuasively presents the 
subject! No scheme or plan or idea ever did the world 
much good unless it was put into action by making 
others agree with its usefulness. 

Membership in technical societies brings one ex- 
tremely valuable printed matter, notices of engineer- 
ing happenings, advance knowledge of jobs and posi- 
tions available, opportunity to visit the works of fel- 
low members, interchange of ideas on details of one’s 
specialty and invitations to listen to important ad- 
dresses. 


Joining my local engineering society immediately 
upon graduation was very fortunate for me. At once I 
appointed myself assistant manager to pass sand- 
wiches and beer at the social affairs and within a 
short time I was known by sight and name to all the 
members. I seconded a couple of motions and slowly 
began to discuss the papers that were presented. The 
result has been that I can, ever since, without intro- 
duction or formality, telephone or go to the offices 
of my fellow members for personal and _ professional 
purposes much to my pleasure and profit. 


When a movement is on foot for the good of the 
profession or the university or one’s city, the clubs 
and societies and associations take a leading part. 
To be allied and connected with such efforts is no 
small reason for becoming a joiner. 


Dean Fuertes, the old “Mogue” of the ‘90’s and 
the ‘00’s of the C. E. College, said most of the above 
in much fewer words. He used to tell the seniors in 
his confidential talks with them that immediately 
upon getting a job they should save sixty dollars 
and buy a dress suit! 

G. J. Reguarpt, President 
Cornell Society of Engineers 


an it be 


..-here is the 


answer! 


Several years ago the question was raised: “Has the limit been 


reached in the speed of drawing copper wire?” 


Western Electric engineers, assigned to find the answer, developed 


new methods and machines that did it three times faster. With 


further study, they surpassed even this record—twelve times the 


original speed! And the product is Lower in cost, higher in quality! 


Aiming always for this goal—better and more economical equip- 


ment for the Bell System—Western Electric engineers continue to 


develop the art of manufacture. 


Manufacturing Plants at Chicago, Ill., Kearny, N. J., and Baltimore, Md. 
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Fig. 3 Final Design, Discharge 150,000 Cubic Feet per Second. 


(Continued from page 92) 
ground roller will only remove a certain amount of 
material from the river bed depending on its scouring 
ability. Beyond a certain depth which is usually very 
slight, no additional scour will take place. This mater- 
ial which is deposited along the end of the pool floor 
will build up to a certain height before the forward 
velocities carry it downstream again; however, it is 
quickly built up again by the action of the ground 
roller. Rip-rap is usually placed in the river channel a 
short distance downstream from the end of the pool 
floor to further insure the prevention against scour. 


In solving a stilling pool like the one in Figure 4, 
various sized dentated steps and Rehbock sills are 
tried until the most satisfactory hydraulic jump re- 
sults. The height of the dentated step is usually made 
equal to the thickness of the jet at the break in slope. 
The spacing of the teeth is made either equal to the 
height of the teeth or some fraction thereof. The height 
of the Rehbock sill is usually made equal to one-tenth 
to one-twentieth of the total drop from the crest to 
the stilling pool floor. The spacing of the teeth is made 
approximately equal to their height. The width is one 
and one-half times the height. Other proportions can 
be used but these have been found most generally ap- 
plicable. The combination of dentated step and Reh- 
bock sill is chosen that will give the best tailwater 
range with which the jump will be confined to the 
pool and will give the least scour. In addition, the 


jump that forms with the best combination must not 
produce wash over the stilling pool walls, or produce 
serious spray. 

The distance that the Rehbock sill is placed down- 
stream from the dentated step affects the scour and 
tailwater range. The position of the ground roller will 
vary upstream or downstream with the position of the 
Rehbock sill. In order to protect the river bed at the 
end of the pool floor it is important that the sill be 
placed so that the ground roller will occur over the 
river channel as discussed above. The tailwater range 
is increased as the sill is moved upstream, but if it is 
moved too far upstream the jump becomes too tur- 
bulent and the good effect of the ground roller is lost. 

The height of the Rehbock sill will also effect the 
tailwater range and scour. If the sill is too low, the 
tailwater range is greatly decreased and the ground 
roller is nearly extinguished. The result is that high 
forward velocities scour the river bed just downstream 
from the end of the stilling pool. The maximum height 
of the sill will depend upon the degree of turbulence 
that can be allowed within the stilling pool walls 
without permitting the boil to overtop the walls. If the 
sill is too high the velocities produced along the river 
bottom within the ground roller will remove too much 
material so that serious scour may result. 

Very little data have been tabulated that will per- 
mit a design of a stilling pool to give results described 

(Continued on page 108) 
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The toughness of steel at low tempera- 

tures is a vital factor in the performance 

of many different types of machines. 

Just for example, hundreds of motor 

vehicles must operate every winter at 

temperatures that make good sub-zero impact 
strength in highly stressed parts a necessity. 

Molybdenum steels, when properly heat-treated, 

have excellent impact properties at low temperatures. 

Investigation shows that they retain their toughness 

remarkably, even at temperatures as low as —90° F. 


PRODUCERS OF FERRO-MOLYBDENUM, CALCIUM MOLYBDATE AND MOLYBDENUM TRIOXIDE 


CLIMAX MO-LYB-DEN-UM COMPANY 


DEPENDABILITY 


Consequently, Molybdenum steels offer great possi- 
bilities for the manufacturer of equipment that must 
work either continuously or intermittently at low tem- 
peratures. Advantage can be taken of their estab- 
lished price and fabricating economy, with perfect 
assurance of their performance. 

We will be glad to send detailed information on 
the low-temperature impact properties of several 
widely used Molybdenum steels to any one interested. 
Climax Molybdenum Company, 500 Fifth Avenue, 


New York City. 
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Fig. 4 Spillway and Stilling Pool Showing Rehbock sill. 
and Dentated Step. 


above on a basis of purely analytical considerations. 
Nearly all designs of stilling pools for the Bureau of 
Reclamation are evolved in conjunction with model 
studies and very satisfactory results have been ob- 
tained. 

Stilling pools of this type may frequently be solved 
by using a single rectangular sill or a stepped sill in 
conjunction with a dentated step. The discharge and 
velocity entering the stilling pool combined with the 
amount of tailwater available will generally limit the 
type of sills. to be tried. If scour is not to be an im- 
portant consideration then baffle piers may be used in 
place of sills. 

Piezometers are frequently installed in the model 
stilling pools as shown in Figure 4. These indicate the 
pressures on the concrete slabs and make possible cor- 
rect structural design. 

Although the foregoing discussion has been in- 
tended to indicate the value of models in design, care 
must be taken in the interpretation of the data. The 
model gives excellent indication of prototype behavior, 
but too much emphasis must not be given to the 
quantitative results obtained. For example, it is pos- 
sible to observe indications of heavy scour but it is 
not generally practicable to predict the amount or 
depth of scour. 
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Although by experimenting, unfavorable tenden- 
cies may be entirely removed in the model, it can not 
always be guaranteed that they may not still exist 
in a harmful manner in the prototype. 

Since most maximum floods are based upon data 
covering a long period of time, the peak flow being 
reached very seldom, few comparative studies between 
model and actual prototype performance have been 
made. This is unfortunate because a careful comparison 
would help greatly to determine the extent to which 
a model can be relied upon for quantitative results. 
Exactly similar models of different sizes have been 
built and their results have checked very closely. This 
indicates that model studies do provide accurate in- 
dications of performance. 

The various model laboratories of the United 
States practice a wide range of construction techni- 
ques. Aluminum construction is being experimented 
with at Iowa State University. At the University of 
California, cement is the primary construction ma- 
terial. 

Most of the models at the Reclamation laborator- 
ies are built of redwood or cypress lined with light 
gage sheet metal. These woods are subject to less warp- 
ing when exposed to atmospheric changes or when sub- 
merged in the model. Crest sections, warps transitions, 
and intricate surfaces are usually made of neat cement 
or plaster or a mixture of both. Where it is desirable 
to observe the flow in draft tubes, elbows, stilling 
pools, etc., a transparent cellulose material, pyralin, is 
used. 

Inside dimensions and differences in elevation are 
reproduced accurately to scale with sufficient topo- 
graphy to produce the appropriate flow conditions. 
To compensate for the difference in roughness factors 
between the model and the prototype, the slope of the 
model is increased or the total drop is increased to 
insure similar velocities throughout the model. 

Although model studies as an aid to design of 
hydraulic structures are a comparatively recent en- 
gineering development, their value is well verified by 
the results obtained. Considerable expense has been 
spared and unfavorable flow conditions have been 
remedied, with the result that economical and smooth- 
ly working structures have been achieved. 

The hydraulic laboratories of the Bureau of Re- 
clamation are directed by J. E. Warnock, Engineer, 
under the general supervision of Arthur Ruettgers, 
Research Engineer. The design studies and investiga- 
tions are under the supervision of J. L. Savage, Chief 
Designing Engineer. All engineering and construction 
is under the general direction of R. F. Walter, Chief 
Engineer. The activities of the Bureau of Reclamation 
are under the general supervision of John C. Page, 
Commissioner. 
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OKONITE INSULATION 


Norton/’s OKONITE insulation with an unsurpassed 


i. since 1878 is still generally recognized as the 
acme of perfection for rubber insulations and as 
“the best product possible” of its type. : 
The Okonite Company and its affiliates, how- 

ever, have constantly kept step with the 
vances of the electric art. : 


; Whether the wire or cable is large or er : 
single or multiple conductor, high or low volt- 
age, whether finished with a rubber or a syn-— 

_ thetic compound jacket, braid, lead sheath or 


aa course armor of any type, Okonite can make it. 


ee In all cases, whether the correct solution calls : 
a - for rubber, impregnated paper, varnished cam- 

_bric, asbestos, glass or the newer synthetic 
compounds, the policy still is and will continue : 


to be the best possible. 
e e INSULATED WIRE WORKS DIVISION 
F or P r inting "THE OKONITE-CALLENDER CABLE COMPANY, INC. 
EXECUTIVE OFFICE: FACTORIES: 

Passaic, N. J. + Paterson, N. J. 
Wilkes-Barre, Pa. 

: THE COLLEGE OF ENGINEERING 

: CORNELL UNIVERSITY 

Offers Degrees in the Following Fields of Study 


CIVIL ENGINEERING ELECTRICAL ENGINEERING 
MECHANICAL ENGINEERING CHEMICAL ENGINEERING 


ADMINISTRATIVE ENGINEERING IN ELECTRICAL, MECHANICAL, 
OR CIVIL ENGINEERING 


For Catalogue and Additional Information Write 
Dean S. C. Hotuister, College of Engineering, Cornell University, Ithaca, N. Y. 
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There are only three kinds 
of Investments which 
you can make 


1. Investments Which Remain Stable. 

; 2. Investments Which Decline In Value. ’ 
; 3. Investments Which Advance In Value. i 
e 
REASONS WHY ENGINEERS 
PREFER /UFA7N “RED END” RULES 4 
1. Solid Brass Joints 4, Smooth-working and LIFE INSURANCE IS ONE OF THE . 
2. Solid Brass Strike Plates Rust-Proof. 

3. Lock-Joints that prevent OUTSTAN DING INVE STMENTS 

end-play. . Waterproof Finis 
“Red End” Rules come in lengths from 4 to 8 feet. They WHICH AS THE YEARS PASS BY 
are made in Engineers graduation (100ths of feet), as well ADVANCES IN VALUE 


as standard inches. See your dealer or write for free 
Catalog No. 12. 


During the past 37 years, over 5,000 


NEW YORK /UFKIN pu. E Co Canadian Factor thrifty people of Ithaca have created 
SAGINAW, MICHIGAN estates in excess of $20,000,000 by buy- 
TAPES — RULES — PRECISION TOOLS ing Life Insurance and Annuity Policies 

from the 


New Linden Garage 
A Step from the Campus 
227-31 LINDEN AVENUE 
TEL. 2054 


New York Life Insurance Co. 


For further information regarding a guaranteed life 
& income beginning at age 60 or 65, 


Storage 


TWENTY-FOUR HOUR @ 


GUARANTEED REPAIR SERVICE 


TROUBLES DIAGNOSED SCIENTIFICALLY ON 


“Sun Motor Tester” 
Consult the Local Representatives 


Our Policy ROBERT L. WEBSTER 
100 White Park Place 
Phone 9278 


M. H. RIPLEY, PROPRIETOR 


| 
| 

: 
Courtesy and Honesty : | | CHARLES H. WEBSTER 
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(Continued from page ninety-seven) 
be used otherwise. Thus higher power can be produced 
in engines using tetra ethyl of lead in the fuel. 

In order to have some quantitative means of de- 
scribing the knocking characteristics of fuels, several 
methods of rating the fuels have been used. At pres- 
ent the anti-knock rating is expressed as an “equi- 
valent” octane number. Since octane is nearly free of 
knock, and heptane knocks readily, a combination 
of the two is used. The number of parts by volume 
of octane that is blended with ten parts of heptane 
is the ectane number of a mixture of the two. The 
octane number of any sample of fuel is the octane 
number of the octane-heptane blend that gives the 
same detonation characteristics as the sample, when 
both are tested in a test engine. 

The knocking characteristic of a fuel in an engine 
is usually determined by means of a “Dickinson 
Bouncing-Pin Knockmeter”. This instrument gives an 
integrated record of the number of times the engine 
has knocked, together with the intensity of the knock, 
over a period of time. A metal pin is placed so that 
it rests freely (but in a guide) on the top of the piston 
of an engine indicator. Above the pin are two con- 
tacts, so placed that they close an electric circuit when 
the bouncing pin strikes one of them. When the circuit 
is closed, current flows through an electrolytic cell in 
which water is electrolysed. The gases formed by the 
clectrolysis are caught in a graduated cylinder. 

The operation of the Bouncing-Pin Knockmeter is 
simple. The indicator is adjusted so that for ordinary 
combustion the bouncing pin will follow the piston in 
the indicator and the contacts do not come together. 
But when knock occurs, the pressure rise in the engine 
is so rapid that the indicator piston responds violently, 


_and the pin bounces off the piston and closes the con- 


tacts, thereby completing the electric circuit. This 
causes an electrolysing current to flow through the 
water, and the amount of gas evolved in the gradu- 
ated cylinder is a measure of the knocking tendency of 
the fuel as tested. 

The knockmeter reading in itself is of no signifi- 
cance. It shows only the relative tendency for a fuel 
to detonate. In order to translate this, then, into a 
useful quantity, various reference fuels, the octane 
numbers of which are known, are tested, until one is 
found that gives the same knockmeter reading as the 
test specimen. The octane number of the test fuel is 
now said to be the same as that of the reference fuel. 

With well designed cylinder heads, and engines 
that are kept clean and free of carbon, full use can be 
made of the fine fuels that are available. The combina- 
tion of an engine which has little tendency to detonate, 
and a fuel of high anti-knock rating will allow higher 
compression ratios to be used in the future, with cor- 
respondingly better efficiencies, and greater running 
economy. 
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CAMBRIDGE 


PRECISION INSTRUMENTS 
Trusted Co-Workers of Science 


URING the past half-century, many of the 

important developments of Science have 
been furthered with the assistance of Cambridge 
instruments. Today, the name “Cambridge” is 
a familiar one in research laboratory, industry 
and medicine. 

The quality of workmanship and of materi- 
als employed in their construction and the dis- 
tinctive finish of metal and woodwork mark 
Cambridge instruments unmistakably. From a 
utilitarian standpoint it is these innumerable 
refinements in the smallest details that make 
Cambridge instruments accurate, dependable 
and long-lived. 

In the Cambridge workshop, precision is more 
than merely a word—it is a code of practice 
governing every detail, from purchase of ma- 
terials to shipment of a fine instrument. 


CAMBRIDGE 
Fab 


WE SPECIALIZE IN SUPPLYING 
EQUIPMENT FOR 
CORNELL ENGINEERS 


Everything from thumbtacks to 

drawing instruments — reasonable 

prices and 8% dividend on your 
purchases 


Exclusive Agency for Keuffel & Esser Products 


The Cornell Co-op 


OPPOSITE WILLARD STRALGHT 
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Manufacturers of 
Super-Refractories Only 


GRAPHITE CRUCIBLES 
REFRACTORY CRUCIBLES 
HIGH-TEMPERATURE CEMENTS 


SPECIAL REFRACTOY 
BRICK, TILE, SHAPES 


From the Following Materials:— 


Graphite, Silicon Carbide, Fused Alumina, 
Mullite, Magnesia, Zircon. 


LAVA CRUCIBLE COMPANY of 
PITTSBURGH 


PITTSBURGH 


We make plates for the 
Cornell Engineer 


and enjoy doing it. 


We would enjoy 
Who knows, 


perhaps we are. 


working for you too. 


A metropolitan engraving 


service 1s at your command. 


Ithaea Engraving Co. 


Seneca and Tioga 


Stress & Strain 


POME 
I often sit and medit8 
Upon the scurvy trick of £8 
That keeps me still a celib8 
Oh, cruel f8 
I want a 10der maid sed8 
To love me and be my m8 
My 40 2de is not so gr8 
I cannot w8 
Oh, £8, be9! Be4 2 L8 
Relieve my awful single st8 
And when I’ve 1 this maid sed8 
We'll oscul8. 


—I 8 2 Much 
—Wayne Engineer 
* * * 


A tourist traveling through a section of country 
badly burned by the drought got into a conversation 
with an old settler and his son at a filling station. 

“Looks as if we might have rain”, said the tourist. 

“T hope so,” replied the grizzled native. “Not so 
much for myself as my boy here; I’ve seen it rain.” 

—Mulberry (Ark.) Times 


* * * 


“T wish we’d get a few shipwrecked sailors wash- 
ed ashore,” mused the cannibal chief.-“What I need 
is a good dose of salts.” 

—Wayne Engineer 
* * * 

“T ’aven’t ’ad a bite for days,” said the tramp to 
the landlady of the George and the Dragon. “D’yer 
think you could spare me one?” 

“Certainly not!” bellowed the landlady. 

“Thank yer,” said the tramp and _ slouched off; 
but in a few minutes he was back. 

“What d’yer want now?” asked the landlady. 

“Could I have a few words with George?” queried 
the tramp. 

—The Engineers Bulletin 
* * * 

May: “What sort of a chap is Johnny?” 

Dot: “Well, when the lights went out last night 
when he called on me, he spent the rest of the eve- 
ning repairing the fuse.” 

—Illinois Technograph 


* * * 


The old fashioned girl who used to step out fit 


as a fiddle now comes home tight as a drum. 
—Wayne Engineer 
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@ Man's quest for gold has led him into 
strange places ... the frozen lands of the 
north, the deserts of the south, the bow- 
els of the earth. But from the land of 
Cecil Rhodes comes an amazing tale of 


. muck and sweat and terrific heat... and 


man’s victory over the elements! 

The Robinson Deep Mine, Johannes- 
burg, South Africa, is the world’s deep- 
est hole—8,500 feet down! In those 
depths is gold, but with temperatures 
exceeding 100° Fahrenheit and humid- 
ities approaching 100%, production 
reached what seemed to be an impass- 
able barrier Even the natives couldn't 
stand the intolerable heat! 

What could be done to improve 
conditions, to increase the effi- 
ciency of miners, to permit deeper 
excavations for gold? The answer 
was Carrier Air Conditioning! 

Into those black depths went 
Carrier engineers and for 365 days 
tackled the problems of rock tem- 


CARRIER CORPORATION, SYRACUSE, N. Y. 


ENGINEERS . 
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perature and adiabatic compression of 
air, both of which go higher as shafts go 
lower. They studied the excessive humid- 
ity; heat from oxidation; heat from hu- 
man bodies; frictional heat from machin- 
ery; and heat from explosives. And from 
their analysis came the installation of 
a Carrier Air Conditioning system with 
a cooling effect equal to 4,000,000 
pounds of ice every 24 hours. 

Thus again had engineering triumphed 
in avictory affecting notonly production, 
efficiency and comfort, but one which 
left its impress on world economics. 

There is no limit to the scope of Car- 
rier Air Conditioning—nor to Carrier's 


Air Conditioning 
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BECAUSE 
COULDN'T STAND THE 


further expansion and future accomplish- 
ments—except as measured by the num- 
ber and ability of the young engineers 
Carrier can bring under the training of 
the pioneers who have been through the 
35 years of the development of the art. 

In the Carrier organization, young men 
hold responsible positions—their capa- 
city gauged not by age, but by ability. 
And whether that ability is fostered best 
by laboratory research or field work in 
the far corners of the world, Carrier en- 
ables engineers to progress. Today in 
99 different countries, you will find ev- 
idence of Carrier engineers’ contribution 


- to the world’s progress! 


During 1937, Carrier trained 300 
recent graduates from leading en- 
gineering schools in every section 
of the country. Carrier needs more 
men. If you hada good school re- 
cord, and are interested in the 
world’s most fascinating and fastest- 
growing industry, write us. 
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Campus News 


NETWORK ANALYZER 

\ 7ITH the aim of aiding public utilities in laying 

out power systems. R. N. Slinger, Oregon State 
26. R. G. Lorraine. U. of Colorado ’27. and Hl. P. 
Kuehni. Kidgen Technische Hochsehule “20. Zurich. 
Switzerland. Union “29. spent more than a year in 
designing and constructing allernating-current 
network analyzer, The apparatus is so arranged that 
any distribution circuit in’ the country may be 
simulated merely by plugging various impedance 


units and power sources from the plugging cabinets 


and reading the results on the master instrument 


panel, 


The a-c analyzer, a miniature power system. pro- 
vides General Electric engineers with an advanced 
tool for system analysis and is made available to 
utility. operating companies for their individual 
problems. Speed and accuracy of calculations are 
the two main advantages of the analyzer, and any 
experienced operator can. in two or three days. solve 
network problems which would take months to 


work out using other methods. 
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LOOKING THROUGIEL A BRICK WALL 
| ieuaiie through a brick wall would not be a 


practical use for the G-E industrial x-ray ma- 
chine. but it would be less dificult than the tasks to 
which it is put every day. Developed for use in 


factories where expensive castings and machined 


GENERAL ELECTRIC 


parts must be inspected, the x-ray permits inspec- 
tion for flaws in castings and welds without damage 
to the article under observation. 

The industrial y-ray machine is. in reality, an en- 
largement of the familiar machine used by doctors 
and dentists. Mounted on a dolly. or suspended 
from a hand crane. the machine is easily trans- 
ported from one job to another and can be quickly 
set up for the inspection, saving time and money 
and assuring the customer of a perfect casting or 
welded seam. 

Developments such as this are being made by 
college graduates who were at one time “on “Test.” 
Many of them have been off the college campus but 
a few years and are entering a career in one of the 
many engineering and business fields in the General 


Mlectrie Company. 


RUBBER RATLROAD RAILS 


Q. the railroad companies have not started to use 


rubber rails. but the new welded steel rails that 
are a mile in length have many of the characteristics 
which rubber rails probably would have. Developed 
after research and experimental work by the Dela- 
ware and Hudson Railroad. Sperry Products Com- 
pany. and General Electric Company. the welding 
which makes possible these mile-long rails introduces 
flash butt welding of the preheated ends of regular- 


length rails to form one long continuous rail. 


When these rails are loaded on flatears, they bend 
easily around the sharpest curves as they are carried 
to the spot where they are to be laid. In addition 
to their flexibility. the rails are remarkably quiet. 
No longer will there be the continual bump and 
clatter of wheels over worn and gaping rail joints 
to disturb sleeping passengers. To reduce the noise 
even more, the rails are laid so that there will be no 
two parallel joints. 

The flexibility and smoothness of the new rails 
reduce the wear and tear on the rolling stock, so 
that the initial expenditure for the rails will be 


compensated by the saving on maintenance. 
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